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To  review  and  understand 

the  strengths  and  limitations 
of  the  echocardiographic 
methods  used  to  evaluate 
right  ventricular  size  and 
function. 
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Challenges  of  RV  Evaluation 


1.  Shape:  Geometric  Model? 

2.  Heavy  Trabeculation: 

Definition  of  endocardial  surface 

3.  Load  Dependence 
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Gold  standard  for  RV 
quantification 

Image  quality 

High  reproducibility 

Limitation 

Not  widely  available 
Time  consuming 


Its  configuralility,  fiarmCess  energy 
source  and  unparalleled  temporal 
resolution  make  it  the  principle 
clinical  tool  used  to  evaluate 
structure  and  function 


ASE  COMMITTEE  RECOMMENDATIONS 

Recommendations  for  Chamber 
Quantification:  A  Report  from  the  American 
Society  of  Echocardiography’s  Guidelines  and 
Standards  Committee  and  the  Chamber 
Quantification  Writing  Group,  Developed  in 
Conjunction  with  the  European  Association 
of  Echocardiography,  a  Branch  of  the 
European  Society  of  Cardiology 

Members  of  the  Chamber  Quantification  Writing 
Group  are:  Roberto  M.  Lang,  MD,  FASE,  et  al 


C^iuntifN'jtiun  of  cardiac  rhamhrr  siw.  vcnlric 
ular  mass.  ail'd  finttliuti  rank.'  aiming  llic  must 
clinically  iiupunaul  auO  most  ftvijucul.lv  re 

quested  tasks  ot  echocortlioftraphv.  standardiza¬ 
tion  ol  chamber  quautilicstion  has  been  an  e.utv 
concern  in  rrhnririiinfirifkhr  and  rrcommrnrta- 
tlunc  on  how  to  measure  such  fumlamental  param 
rfrrv  irr  among  thr  mnvt  nftrn  cited  articles  in 


mnnr  imaging,  fully  digital  nurhini  i,  le  ft  sided 
contract  agent*  and  other  technologic  advance¬ 
ments. 

rurtliennoTv.  ctliotanliograpliv  lias  become 
live  Uimnnanl  cardiac  imaging  technique.  which, 
because  ol  its  portability  and  versatility,  is  now 
used  in  cnKtgCUC) .  opeiatiug.  and  intensive  cate 
dcgortmyit^^tandarih/jtun^vOji^iMir^ioit^i^ 


Over  5000 
citations 


Adapted  from  Roberto  Lang  MD 


ASH  COM  M  I1TEE  RECOMM  EN  D ATION  S 

Recommendations  pour  la  Quantification  des  CavitOs 
Cardiaques:  Le  Rapport  de  La  SocidtO  Amencaine 
d’Echocardiographie,  La  comite  de  Direction  des  Standards 
et  le  bureau  de  redaction  sur  La  quantification  des  Cavites 
Cardiaques,  deveioppe  avee  l "association  European ne 
d'Echocardiographie,  une  branche  de  La  soctete 
Europeenne  de  Cardiologie 
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BECQM  ENDAC1QNE S  DEL  COMP  1  BE  I A  asi. 

Recnmendacmnes  para  la  Cuandficacion  de  las  Cavi dudes: 
Informc  del  Comite  de  Guias  y  EstAn  dares  de  la  Sucicdud 
Americana  de  Ecocardiografia  y  del  Grupo  Redactor  de  la 
Cuantrficaciun  de  las  Cavidadcs,  desirroDado 
eonjumamente  con  la  Asociacion  Eurnpea  de 
Ecticardiugrufia,  rama  de  la  Sociedad  Europeu  de 

Cardinlogia 
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GUIDELINES  AND  STANDARDS 


Guidelines  for  the  Echocardiographtc  Assessment  of 
the  Right  Heart  in  Adults:  A  Report  from  the  American 
Society  of  Echocardiography _ 


% 


Endorsee!  iby  t lie  Eurdpean  Asao-ciat ion  of  Echo-caraldgrapfiyra  reglste-re d 
branch  of  the  European  Society  of  Cardiology,  and  the  Canadian  Society  of 

Eohooa  rd  iogra  phy 
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Scon  J>.  zsclumiifL  MB,  lik.  K  JjHtiky  Mcf^in  1.  SktiiBsf.  AID,  MwmmM*  $Jm(& Gm«iifr  Km  TwL 

Si ar  .  Af.a££i k? isRS / Q.1  sjs,  d!  f  i ■agw.as.-  jjjm iftm.  Unite d  & rfwdrm ,  A& n  .f V etjs i  jt/iSrn  i if 


Guidelines  for  the  Echocardiographic  Assessment  of 
The  Right  Heart  in  Adults:  A  Report  from  the  American 

Society  of  Echocardiography 

J  Am  Soc  Echocardiogr  2010;23:685-713 
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GUIDELINES  AND  STANDARDS 

Recommiendations  for  Cardiac  Chamiber 
Quantification  by  Echocardiography  in  Adults: 

An  Update  from  the  American  Society 
of  Echocardiography  and  the  European  Association 

of  Cardiovascular  Imaging 

It.  ilv  i  i  .  M.  ].n:s;sM]y  j  AS  I 3  ]-*SCs  l.uyi  I  .  h.i.-.ir. ...  M]\  III:'..  3  I  '.  i,  i.  i  \jor  .V  i.  III?..  3  .HI... 

|::uuill:.m  Afil.il;),  Ml"?,  MSi,  A i : ,U i  . i :  AnnMmiiu,  All  ?..  MS-....  ].iur.i  ItiliilGu-,  AjI  ?..  ITU, 

Members  of  the  Chamber  Quantification  Writing 
Group  are:  Roberto  M.  Lang,  MD,  FASE,  et  al 

District  ofGtktmhio;.  Leuven,  Lic-tw,  #nrf  Ghent,  BJgmm:  Btattm.  StusmchusMs 

A  goal  was  to  eliminate  discrepancies 
between  previous  guidelines 

larger  numbers  of  normal  subjects,,  comp  ed  fro  .-t.r.  .  .liuiu.  i  .  r  :  it:,,  xti 

to  elir'ini.tO'  tivor'ul  rino-  t-i'tTiO'A  ti  it  ttt:1  bolvtii-::  i’cvcutb  pubiEhod  gud-Amot.  J  Ar-  ix 
Ec  toes  rd  tog  r  201 5; 28:1  -39. ) 

to  a  otto  .touit  t-ihiiiHog’Uihv,  |<-iristhorio  t'OtliiCiH  otfiph-.  'to-ntnoi  ir  tunotson.  Lcr'il  -.ikiii 
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V 
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'Structure 
Big  or  Not? 
•Function 

Normal  or  Not? 


>  83mm 


RVD2 

>35mm 

J 

RVD1 
>41  mm 


I  tiff 


1  RVOT  Prox 


>35mm 


RVOT  Prox 


RVOT  Distal 
>27mm 


A- 

Lang  et  al.  J  Am  Soc  Echocardiogr  2015;28:1-39 
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Tfm 


Anterior 


Surgeon  >  70mm  ■ 


Echo  (4C  view) 

>  40mm  or  21  mm/m2 


/ 


Posterior 


X 
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10 
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Axoal  and  Lateral  Resolution 


Axial 


Lateral 


Detail  seen  along  the 
Line  of  the  ultrasound  beam 


Higher! 


The  ability  to  distinguish  two 
points  perpendicular  to  the 
direction  of  the  beam 

Lower! 


12 


SNrFS'l  □ 


2  Sources  of  Uncertainty 


The  Gaps 


The  Width  of  the  beam 

Point  Spread  Artifact 
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#  •  a 


I  I  ,%JSJ  •  ft  1  \4l  * 

3V2c  38H: 

liHUiliti  160mn 
MMC  ADULT 
General 

Pwr=  OdB  Ml  =1.4 

65dB  SI/  0/0/6 
Gain=  OdB  a=1 

gfflmi.nr.igB 

*  HR=  59bpm 
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GUIDELINES  AND  STANDARDS 

Recommendations  for  Cardiac  Chamber 
Quantification  by  Echocardiography  in  Adults: 

An  Update  from  the  American  Society 
of  Echocardiography  and  the  European  Association 

1.1  Linear  Measurements. 

•  It  is  recommended  that  linear  internal  measurements  of  the  LV 
and  its  walls  be  performed  in  the  PLAX  view. 

•  Perpendicular  to  the  LV  long  axis  at  or  immediately  below  the 
mitral  leaflet  tips. 

•  Measures  obtained  with  2D  or  2D  guided  M-mode,  although 

2D  images  are  preferred  to  avoid  oblique  sections  of  the  ventricle. 

The  rapid  technological  developments  of  the  past  decade  and  the  changes  in  echocaidiographic  practice 
brought  about,  by  these  developments  have  resulted  in  the  need  for  updated  recomomndatlons  to  the  prevh 

frsf  H3.iw  ru  ?  l"Ss  fl  it  in  i  li  «Hi  i  'SSsf  •  tr*  I*  ft  i  ish  nf*  ifvr’fc  '  H  nos  1  nf  ri5 1  nn  m  i  rr 

J  Am  Soc  Echocardiogr  2015;28:1-39 


■S  ■SvB  i.Wi  '8  i  S  -iW*S 


larger  lumbers  of  normal  subjects,,  compiled  from  muff  pie  data  bases,  h  addition,.  this  document  attempts 
to  eliminate  several  minor  discrepancies  that  existed  between  previously  published  guidelines.  {J  Am  Soc 
Ec  tacarti  iogr  201 5: 28 :1  -39. ) 

Keywords:  Adult  echocardiography.  Transthoracic  echocardiography.  Ventricriar  functjons  Normal  values 


Rl§M  Venutirllcle 

Linear  Measurements 
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Linear  Measurements 


Freq  17  MHz/3.3  MHz 
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...it  is  apparent  that  minor  variations  in 
the  four-chamber  plane  position  (dashed 
line)  with  respect  to  the  right  ventricular 
crescent  shape  may  result  in  variability  of 
right  ventricular  size  when  performed  by 
linear  measurements.” 


RV  modified  apical  4-chamber 


v 


RV  focused  opical  4-chamber 


M \/ 


Apical  4-<hamber 


2  cm 
HR  63 


Lang  et  al.  J  Am  Soc  Echocardiogr  2015;28:1-39 
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“Care  should  be  taken  to 
obtain  the  image  with 
the  LV  apex  at  the  center  of 
the  scanning  sector, 
while  displaying  the  largest 
basal  RV  diameter  and  thus 
avoiding  foreshortening”. 


Lang  et  al.  J  Am  Soc  Echocardiogr  2015;28:1-39 
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CUIDLUNLS  AND  STANDARDS 


Guidelines  for  the  Echocardiographic  Assessment  of 
the  Right  Heart  in  Adults:  A  Report  from  the  American 
Society  of  Echocardiography 

Endorsed  by  the  European  Association  of  Echocardiography,  a  registered 
branch  of  the  European  Society  of  Cardiology,  and  the  Canadian  Society  of 

Echocardiography 


“In  all  complete  echocardiographic  studies,  the  RV  basal 
measurement  should  be  reported,  and  the  report  should  state  the 
window  from  which  the  measurement  was  performed  (ideally  the 
right  ventricle-focused  view),  to  permit  interstudy  comparisons. 
The  relative  size  of  the  right  ventricle  should  be  compared  with 
that  of  the  LV  to  help  the  study  interpreter  determine  if  there  is 
RV  dilatation,  and  the  interpreter  may  report  the  right  ventricle  as 
dilated  despite  measuring  within  the  normal  range,  on  the  basis 
of  a  right  ventricle  appearing  significantly  larger  than  the  left 
ventricle”. 
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GUIDELINES  AND  STANDARDS 

Recommendations  for  Cardiac  Chamber 
Quantification  by  Echocardiography  iin  Adults: 

An  Update  from  the  American  Society 
of  Echocardiography  and  the  European  Association 

of  Cardiovascular  Imaging 

_ Roberta  M.  Lars^,  Ml),  FAAE,  If  ESC,  Luigi  P.  Balaim,  Ml),  PhD,  FESC,  Victor  Mar  Avi,  PhD,  1-ASK, 

7.  RV  Measurements  (Recommendations). 

“RV  size  should  be  routinely  assessed  by  conventional  2DE  using 
multiple  acoustic  windows,  and  the  report  should  include  both 
Qualitative  and  Quantitative  parameters.” 


The  rapid  technological  developments  of  the  pm!  decade  and  the  changes  in  echocaidiographic  practice 
brought  about  by  these  developments  have  resulted  in  the  need  for  updated  recommendations  to  the  prevt- 

ni  «tlw  na  iHIjchtiH  fm sMalrsiSsft  fa#  rthamSfoisr  ns  anf  rfir^ssf  inn  which  fhn  nreal  nf  tfw  j  Tf  Ci  ^  t  ft*  c  rif  i  ryte  s  nr  yd  $  t  ct- 

J  Am  Soc  Echocardiogr  2015;28:1-39 


larger  numbers  of  normal  subjects,  compiled  from:  multiple  databases.  In  addition,  this  document  attempts 
to  eliminate  several  minor  discrepancies  that  existed  between  prevbusly  published  guidelines.  {J  Am  Soc 
Ec  hoca  rd  bg  r  201 5:28  :t  -39. ) 

Keywords:  Ad  tit  echocardiography.  1  ra  r»t  horacic  eehocard  iogra  phy ,  Ventricular  function,  Normal  values 


mm? 

1.  Spatial  resolution:  axial  versus  lateral  resolution 

2.  RV  endocardial  borders  are  coarsely  trabeculated 

3.  Measuring  medial  -  lateral  dimension.  Annulus 
dilates  more  in  the  anterior  -  posterior  dimension 

4.  No  fixed  reference  points  to  ensure  reproducible 
images. 
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-  End-diastole,  below  the  tricuspid 
annulus  at  a  distance 
approximating  the  length  of  the 
anterior  tricuspid  leaflet,  when 
it  is  fully  open  and  parallel  to 
the  RV  free  wall 

-  Trabeculae,  papillary  muscles 
and  epicardial  fat  to  be  excluded 
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dqiIM  VdorMoyDar  WaDD  TIftfeta® 


Overall  RV  wall  thickness 
is  a  poor  index  of  RV 
mass. 

Consider  use  in  individual 
patients  as  a  parameter  to 
follow. 

Congenital  heart  disease, 
pulmonary  HTN  and  HCM 


'Structure 
Big  or  Not? 
•Function 

Normal  or  Not? 


CO 


0 


Complex 

contraction 

pattern 

Complex 
geometric  shape 


Pulmonary 

valve 


Tricuspid 
valve 


Interventricular 

septum 


mncftn®!! 

Volumetric:  Fractional  Area  Change 


Abnormal  Threshold  <  35% 
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HW  FuncGi@n7i 

2D  Volumetric  Methods 

Strengths 

Limitations 

*  FAC  has  established 

#  Neglects 

prognostic  valve 

contribution  of  the 

*  Reflects  both  radial 

RV  outflow  tract 

and  longitudinal 

•  Only  fair 

components  of  RV 

interobserver 

contraction 

*  Correlates  with 

RVEF  by  MRI 

variability 

2D  derived  measures  of  RV  area  can 
vary  widely  in  the  same  patient  with 
relatively  minor  rotations  in  the 
transducer  position. 
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CUIDEUNES  AND  STANDARDS 


Guidelines  for  the  Echocardiographic  Assessment  of 
the  Right  Heart  in  Adults:  A  Report  from  the  American 
Society  of  Echocardiography 

Endorsed  by  the  European  Association  of  Echocardiography,  a  registered 
branch  of  the  European  Society  of  Cardiology,  and  the  Canadian  Society  of 

Echocardiography 

I.WK'KV  <;  Rikl'b.  vm.  MM.  <K*».  Winuvi  W  I a.  MO,  MW,  MW.  ^xluK  UU>, MD,  Ms, 
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“Two  dimensionally  derived  estimation  of  RVEF  is  not 
recommended,  because  of  the  heterogeneity  of 
methods  and  the  numerous  geometric  assumptions.” 
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GUIDELINES  AND  STANDARDS 


Recommendations  for  Cardiac  Chamber 
Quantification  by  Echocardiography  in  Adults: 

An  Update  from  the  American  Society 

_ rphnon  i  Ermia  \  t  nnrl  thn  Ci  i  nnfi  o  _ 

“In  laboratories  with  appropriate  3D  platforms  and 
experience,  3DE-derived  RV  EF  should  be  considered  as 
a  method  of  quantifying  RV  systolic  function,  with  the 
limitations  mentioned  above.  Roughly,  an  RV  EF  of  <45% 
usually  reflects  abnormal  RV  systolic  function,  though 
laboratories  may  choose  to  refer  to  age-  and  gender- 

specific  values.” 
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brought  about  by  these  developments  have  resulted  in  the  need  for  updated  recommendations,  to’  the  preve 
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larger  numbers  of  normal  subjects,  compiled  from  multiple  databases.  In  add  ltonf  this  document  attempts 
to  dim  irate  several  minor  discrepancies  that  existed  between  previously  published  guidelines.  {J  Am  Soc 
Ec  hocard  bg  r  201 5;  28 :1  -39.  j 

Keywords:  Adiit  echocardiography,  Transthoracic  echocardiography.  Ventricular  function,  Normal  values 
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1.  TAPSE 

2.  Annular 
Velocity  (s’) 

3.  Strain 

4.  RIMP 
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Normal  Abnormal 


Green  circle  =  Lateral  TV  annular  position  at  ED 
Pink  circle  =  Lateral  TV  annular  position  at  ES 

Systolic  TAM  =  distance  of  yellow  arrow 
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end-systole 


end-diastole 
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TAPSE 
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2D  Echo  M  mode  TAM  (cm) 


Kjaergaard  J  et  al:  Eur  J  Echocardiogr,  2005 
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Longitudinal  shortening  -  easy  way  to 

follow  RV  function 


assess  and 


❖  Sensitive  indicator  of  impaired  function 

♦♦♦  Can  be  reduced  while  radial  function  is  still 
normal  or  even  increased  (compensatory) 

♦♦♦  Always  reduced  after  cardiac  surgery 
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RVEF  by  FP  radionuclide 


29 


re 

Free  Wall  Longitudinal  Strain 


Prognostic  Value  of  Right  Ventricular  Longitudinal 
Peak  Systolic  Strain  in  Patients  With  Pulmonary 

Hypertension 
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RV  LPSS  <  -19% 
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Logrank  p=0.001 


RV  LPSS  >  -19% 


Follow-up  (years) 


results  in  the  pulmonary  hypertension  subgroups.  (Circ  Cardiovasc  Imaging.  2012;5:628-636.) 
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Tricuspid  flow 


Pulmonary  flow 


RIMP  =  (a  -  b)  /  b 
=  (ICT  +  IRT)  /  ET 

IRT  =  c  -  d 

ICT  =  (a  ■  b)  ■  (c  ■  d) 


31 


RIMP  (TDI) 
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RIMP  (pulse  Doppler)  Mean  Tei  index 

Harada  K  et  al:  Am  J  Cardiol  90:566,  2002 
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Survival 


0  0.2  0.4  0.6 


MPI  Value 

Lang  et  al.  J  Am  Soc  Echocardiogr  201 5;28: 1  -39 


Yeo  et  al,  Am  J  Cardiol,  1998;81:1157-61 
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Effect  of  decrease  in  LA  pressure 


Lasix 
80  mg 


Tei  index  =  215  =  0.96 

225 


Tei  index  =  275  =  1 .22 

225 


Courtesy  Dr.  Hatle 


•  Mixes  systolic  and  diastolic  function 

-  these  should  be  assessed  separately 

•  Varies  with  pressure  and  volume  status 

-  RV  -  pulm.  hypertension  or  RV  dysfunction? 

•  Measurement  may  include  presystolic  time 

-  diastolic  MR  or  TR  -  elevated  pressure  or  long  PR? 
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1 .  Big  or  Not:  Remains  largely  qualitative  with 
some  measures  used  to  follow  individual 
patients 

2.  Function: 

*  Limited  volumetric  methods 

*  Non  volumetric  methods 

•  TAPSE  (how  much  does  it  move) 

*  TDI  (how  fast  does  it  move) 

•  Free  Wall  Strain 

*  RIMP  (Limitations) 
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